In this paper, it is shown how the formalism of the canonical symmetry adapted functions can be used to analyse neutron scattering data related to orientationally disordered molecular crystals when the rotational dynamics of the molecule is assumed to be independent of the lattice dynamics. In this approximation, the rotational contribution to the intermediate scattering function is expanded in terms of correlations between the symmetry adapted functions of the molecular orientations. The site and molecular symmetry are taken into account to derive the complete set of independent correlation functions and to find which of them can be measured through neutron coherent and incoherent scattering experiments performed on single crystals or powder sample. Besides, it is shown that the orientational probability density function can be fully determined from the elastic part of incoherent neutron scattering.
Orientational disorder in plastic molecular crystals II. 2014 2014 In this paper, it is shown how the formalism of the canonical symmetry adapted functions can be used to analyse neutron scattering data related to orientationally disordered molecular crystals when the rotational dynamics of the molecule is assumed to be independent of the lattice dynamics. In this approximation, the rotational contribution to the intermediate scattering function is expanded in terms of correlations between the symmetry adapted functions of the molecular orientations. The site and molecular symmetry are taken into account to derive the complete set of independent correlation functions and to find which of them can be measured through neutron coherent and incoherent scattering experiments performed on single crystals or powder sample. Besides, it is shown that the orientational probability density function can be fully determined from the elastic part of incoherent neutron scattering.
J. Physique 41 (1980) [1] [2] [3] ).
Neutron scattering is indeed a powerful tool for the study of orientational disorder in those phases : while elastic scattering, depending on the mean position of the molecules, reflects the static aspect of orientational disorder, quasi-elastic and inelastic scattering are concemed with the whole dynamics of external modes, which besides translational phonons, include librational and reorientational motions.
In the first paper of this series [4] , hereafter referred to as I, we proposed a formal description of the static aspect of orientational disorder, when molecules, with a symmetry group M, lie on lattice sites which have the symmetry of the point group S. For this purpose, we set up a symmetry adapted canonical basis of functions {L1/i: (Q) }, where Sl is a short notation for the set of the three Euler angles {x, fl, y } describing the molecular orientation in the crystal axis (1) . Following the definitions adopted in I, the symmetry operations of the site and molecular groups transform the basis functions A/À' (Q) according to the irreducible representations of the product 8fl.
In this notation, the index 1 means that A/i.' (Q) is a linear combination of Wigner function n,mm'(Q) belonging to the same representation 1 of the full rotational group ; the label Â (resp. À') is a short hand notation for the composite index (r, y, n) (resp. (r', ,u', n')) where r (resp. T') is the name of an irreducible representation of the group 8 (resp. M).
p (resp. ,u') labels independent subspaces transforming according to the same r (resp. T') representation (if this representation is included more than once in the 1 representation of the full rotational group). n(resp. n') labels the différent basis vectors for multidimensional representations.
(') In this paper, we shall, for simplicity, adopt the same notation Sl for the rotation which brings the crystal axis in coincidence with the molecular axis and for the set of Euler angles { ce, fi, y } associated with this rotation in the crystal axis. where I(k, 0) and I(k, co) are the measured intensities at w = 0, and in the vicinity of w = 0, the spectrometer resolution must be accurate enough for this limit to be precisely measured. In particular, this resolution must allow for a separation between the elastic peak and the inelastic one related to the largest relaxation time of the molecular dynamics, a time which is crystal dependent.
Nevertheless, the EISF has been measured by Lechner and Heideman in the case of plastic adamantane (Ref. [3] ). The measured EISF was interpreted in terms of dynamical jump rotational models. This analysis allows only to make a distinction between those models which, in fact, underly différent forms of the static disorder characterized by P o(.Q). 4 through the molecular orientation Q(t) can be expanded on the basis of symmetry adapted function A/Ã'(Q(t»).
The rotational self-correlation function F*(O) F(t) ) thus appears as a linear combination of basic correlation functions d'''*(S2(0)) d22'Z(S2(t)) ) which are nothing but the self-correlation coefficients B(t). Indeed, This function is, of course, related to P(Ql, Q2, t) through the relation and satisfies the normalization and limit conditions
The conditional probability G(Ql, Q2, t) can be developed over the canonical basis :
G(Ql' Q, t) obviously has the same symmetry properties as P(Ql, Q2"' t) and the C coefficients follows the selection rules given in 4 for the B coefficients. The relation (A.1) can be expressed in terms of relations among the coefficients A, B(t), C(t) of the canonical developments of PO(Q), P(Ql, Q2, t) and G(Ql, Q2, t) : : where is derived from usual Clebsch-Gordon coefficients (LM h lml m), and from the a and f3 coefficients which define the symmetrized spherical harmonics related to the site and molecular symmetry group : 2. We can now express the normalization and limit conditions in terms of the B(t), C(t) and A (3. 6) of reference [11] ). Furthermore, the elastic part of the scattering is submitted to the selection rule arising from PO(Ql) and PO(Q2) which leads to F, = 1-2 = F' or rI = r2 = ro.
